Home range, movements and zonation of Arenaeus cribrarius and Callinectes ornatus were analyzed in Ensenada de La Vela, in the Venezuelan Caribbean, using acoustic telemetry. Transmitters were attached to the carapace of 11 A. cribrarius and 11 C. ornatus, which were tracked during five campaigns between October 2002 and December 2003. The positions of each crab were registered every 12 hours, for periods of up to 10 days, and data were obtained on geographical localizations, distances traveled, speed, depth, perpendicular distance to the beachline, as well as type of bottom and physicochemical variables of the water. We found significant differences between the two species regarding home range size (sensu lato), movements, distance to the coastline, depth and the type of sediment where they appeared. Callinectes ornatus had a larger home range ( x ¼ 72,475 m 2 ) than A. cribrarius ( x ¼ 16,625 m 2 ) and presented one to three centers of activity, while individuals of A. cribrarius had only one center, with a few exceptions. Both species used intensively about half of their home range. Arenaeus cribrarius preferred the foreshore, while C. ornatus inhabited more distant waters; however, a certain degree of habitat interpenetration was observed. Callinectes ornatus was more active ( x ¼ 74.6 m/12 hours, SE ¼ 6.6) than A. cribrarius ( x ¼ 56.6 m/12 hours, SE ¼ 6.5), but a high variability in the movement rates existed even within an individual. Arenaeus cribrarius was associated with bottoms conformed by very fine mixed sands and low contents of organic matter, whereas C. ornatus appeared in silty bottoms with higher organic contents. New elements on the zonation of these swimming crabs are included in this study, complementing the patterns found in previous works.
INTRODUCTION
The crabs of the family Portunidae are specially common in tropical marine and estuarine environments, being very abundant in the Caribbean (Taissoun, 1973; Williams, 1984; Buchanan and Stoner, 1988; Carmona-Suárez and Conde, 1996) , as well as on the Pacific coasts of Colombia (Norse and Estevez, 1977) . Guild zonation and distribution of swimming crabs in their environments have been attributed to a wide range of factors, including seasonal and ontogenic differences (Negreiros-Fransozo and Fransozo, 1995; Mantelatto, 2000) , salinity gradients and depth (Norse and Estevez, 1977; Mantelatto, 2000) , temperature (Mantelatto, 2000) , and types of substrate and texture and organic contents of the sediments (Sánchez and Raz-Guzmán, 1997; Mantelatto, 2000) , among others. However, Sánchez and Raz-Guzmán (1997) found at Laguna de Términos (Gulf of México) that several species of portunids are widely distributed, independently of type of habitat or salinity, and only C. exasperatus (Gerstaecker, 1856) is confined to an adjacent limnetic lagoon deprived of vegetation. Carmona-Suárez and Conde (1996 , 2005 and (Schubart et al., 2001 ) have conducted ecological and systematic assessments of swimming crabs in Ensenada de La Vela (an arid cove located in the State of Falcón, Venezuela, roughly 250 km to the east from Lake Maracaibo) and other localities, obtaining data on diversity, abundance, local distribution, population dynamics, natural diets and molecular systematics. The local distribution of the portunids that these authors report shows a zonation that can be associated with the type of habitat. Callinectes danae Smith, 1869 prevails in the enclosed estuarine creek, Arenaeus cribrarius (Lamarck, 1818) dominates the foreshore, while C. ornatus Ordway 1863, C. bocourti A. Milne-Edwards 1879, C. danae, C. larvatus Ordway, 1863, C. sapidus Rathbun, 1896, C. exasperatus and C. maracaiboensis Taissoun, 1972-a junior synonym of C. bocourti (Schubart et al., 2001 )-are found in open water, where prevalent species vary temporarily (Carmona-Suárez and Conde, 2002) . However, since they used traditional sampling gears (hand seine and crab pots), their observations only afford a broad snapshot, and do not allow determining the movements and precise habitats. Therefore, the static zonation reported for this guild is vague and, furthermore, nothing is known about the magnitude of displacements of these crabs in tropical settings. As an alternate approach, movement patterns, agonistic behavior, feeding activity and other ethological data of some crustaceans and other marine animals have been successfully investigated by using ultrasonic telemetry (Wolcott and Hines, 1989, 1990; González-Gurriarán and Freire, 1994; Wolcott, 1995; O'Dor et al., 1998; Watson et al., 1999; Clark et al., 1999a Clark et al., , b, 2000 Smith et al., 2000; González-Gurriarán et al., 2002) .
The purpose of this study is to ascertain and set more precise limits, by means of ultrasonic telemetry, to the zonation of two ecologically important portunids, Arenaeus cribrarius and Callinectes ornatus, as well as to determine their home range (sensu lato), movement patterns and their relationships with physicochemical characteristics of water and type of sediments, in a tropical arid beach in Venezuela.
MATERIALS AND METHODS

Study Area
Ensenada de La Vela (118279N, 698349W) is a small sandy cove located in the central coast of the State of Falcón, Venezuela (Fig. 1 ). This zone is regarded as extremely dry; in 1993 and 1994, mean annual rainfall was 228.4 and 58.7 mm, respectively (Carmona-Suárez and Conde, 2002) . Strong winds (up to 20 m/second) blow continuously, with air temperatures around 288C, peaking at 40þ8C during the dry season (Ginés, 1982) .
The beach is moderately inclined, with shallow depths and the surroundings lack rivers, mangrove stands, coral reefs or seagrass beds (Carmona and Conde, 1989; Carmona-Suárez and Conde, 2002) . A small estuarine creek is present, but its influence on the salinity and the beach 50 biota is short-lived and restricted to a few days during the end of each year when the estuary opens to the sea (Carmona-Suárez and Conde, 2002) . The water is murky due to the high contents of suspended sediments (Carmona and Conde, 1989) . The cove presents a 200 m long quay at the northeast side and nearby lies an anchorage for fishing boats. For effects of this study, we worked in two of the three biotopes previously delimited by CarmonaSuárez and Conde (2002) in La Vela: foreshore (0-7 m from shoreline) and open water (. 7 m from shoreline). The confinement and recently dumping of domestic waste water in the estuarine creek prevented us from sampling in this third biotope.
Telemetry System
Crabs were tracked wirh an ultrasonic telemetry system (Sonotronics Ltd., Tucson, Arizona, USA). This equipment consists of simple ultrasonic transmitters (model IT95-2) coded by pulse cycles of three digits, with a preset frequency level for each one (. 70 kHz) and long-life batteries which provide a working time of up to 18 months. They are 45 mm long, 15 mm in diameter and weigh 7 g in water, which represents between 8 and 14% of the crabs mean weight. A small styrofoam badge was attached to every transmitter in order to enhance flotation and to reduce the tag weight in the water, representing finally only 4 to 7% of the crabs' mean weight. The emitted signal has a theoretical range of 1000 m and is detected by a manual directional hydrophone (model DH-4) with a detection capacity of 3000 m. This is connected to a receiving module (USR-96) with a precision of 250 Hz, ranging from 30 to 90 kHz, endowed with a filter to avoid undesired signals. The signal is heard by the operator with a set of standard commercially-available earphones connected to the receiver.
Capture and Tagging of Crabs
Crabs to be tagged were captured with a hand seine (7 m long and 1.5 m tall with a mesh diameter of 1 cm) at the foreshore and with crab pots in open water (Carmona-Suárez and Conde, 2002) . Intermolt C. ornatus and A. cribrarius (. 50 mm carapace width), having all their limbs and without visible external damage, were selected for instrumentation. Transmitters were fixed to the carapace using three rubber bands appended to the lateral spines. As recommended by Wolcott and Hines (1989) , each tagged crab was placed in separate seawater aquariums with constant aeration for 24-hour periods and observed periodically to verify if the transmitter caused anomalous behavior or hindered the animal free movements, as well as to check on their apparent health and vitality (each crab was frequently exposed to external stimuli, like water splashing or tapping the aquarium glass, to test its escape and defensive reactions and movements). They were compared with non-tagged crabs that were maintained simultaneously in control aquariums. After corroborating those features, the tagged animals were released in the locations from which they had been initially extracted.
Telemetric Data Collection
The extent of movements was established by measuring the distance from the point where the crab was released to the subsequent points where it was located. A MagellanÔ 300 GPS with a 10-meter resolution was used to determine geographical coordinates of all locations. This resolution was regarded suitable for this work, since swimming crabs movements usually exceed 10 m (Wolcott and Hines, 1989; Clark et al., 1999a ). An operator aboard an inflatable boat handled the tracking equipment. After being released in the location where the crab was caught initially, the new subsequent positions where the tagged crab was detected were registered. To locate the animal, the hydrophone was placed in the water and the signal was searched around 3608. Upon detection, the operator maneuvered the boat progressively towards the point where the signal was strongest and the hydrophone was oriented downwards to assure the location of the animal. Crab positions were determined every 12 hours during continuous periods of up to ten days (240 hours; 21 fixes). A total of five campaigns were carried out: two in 2002 (October and November) and three in 2003 (February, June and November).
Abiotic Factors
The physicochemical parameters of the bottom water and type of sediment in which each crab was located were determined; measurements included salinity (gauged with a hand refractometer), temperature, and dissolved oxygen (both determined with a YSI Ò 57 dissolved oxygen and temperature meter). Sediment analysis consisted in the characterization of the granulometric composition and organic matter contents (Buchanan, 1984) . Samples for granulometric analyses were taken with a grab sampler and packed in labeled plastic bags for each location. In the laboratory, 200 g of sediment were dried at 608C for 72 hours and then sieved in a battery of four sand sieves and a clay collector. The Wentworth (1922 in Buchanan, 1984 scale and the Folk (1961) classification system were used to characterize grain size profiles. Sediments collected for the determination of organic matter contents were iced and transferred to the laboratory at the end of each campaign in an icebox. After drying the samples for 72 hours at 608C, five aliquots of 10 g from each location were weighed on a digital balance with a 0.0001 g precision, and subsequently placed in a muffle for four hours at 6008C and weighed again at the end of this period. The theoretical organic matter percentage is the difference between the dry weight and the ash weight (Buchanan, 1984) .
Data Analysis
For every group of data, the arithmetic mean (mean or average) and the standard error (SE) were calculated. Continuous variables (home range, distances traveled, speed, coast separation, depth, and physicochemical parameters of the water) were checked with the Kolmogorov-Smirnov goodness-of-fit test in order to determine normality, and Bartlett's test to establish homogeneity of variances of groups of data (Sokal and Rohlf, 1997) . In those cases where normality or homoscedasticity were not met, data were log-transformed. When the assumptions of ANOVA were not met by all the groups, the nonparametric Kruskal-Wallis test was employed to compare those particular data. Also, correlation coefficients and linear regression analyses, excluding outliers, were used to infer the degree of association and relationship between variables (Sokal and Rohlf, 1997) . All the statistical tests were carried out with Statgraphics Ò 5.0. Plus. In order to plot the location points of all tracked crabs, and to establish the magnitude of their movements and home range, digital maps of Ensenada de La Vela were drawn using geographical information softwares Idrisi32Ô and CartaLINX Ò . Home range of the two species under study was estimated using two approaches: the minimum convex polygonal method (Worton, 1987; Zeller, 1997; Meyer et al., 2000) and the center of activity method or mean activity radius (Worton, 1987) . The first, in which the peripheral locations of every crab are linked to each other with a connecting line, represents the total area (m 2 ) used by an individual; while the second method provides an estimate of the most frequented area or heavily used tract. For each crab, the center of activity was estimated as the mean X, Y coordinates of the clusters of high frequency location points. Using the mean distance between the center of activity and high frequency relocation points as a radius of an imaginary concentric ring, a circular area was calculated and expressed in square meters. These two complimentary methods furnish a more thorough understanding of movements and habitat utilization. Lastly, to establish the fraction of the most intensely used area, a home range utilization index was computed by dividing the most frequent area between the polygonal area. RESULTS A total of 11 Arenaeus cribrarius (3 juvenile females and 8 adult males) and 11 Callinectes ornatus (10 adult males and 1 adult female) were tracked between October 2002 and November 2003 (Table 1 ). The crab sizes (carapace width without lateral spines) ranged from 52.7 to 86.84 mm; other general characteristics of each individual are shown in Table  1 . One of the A. cribrarius was present in the area in two of the five campaigns; similarly, one C. ornatus was detected in three different campaigns, resulting in a total of 12 and 13 groups of data for each species. The numbers of tracked crabs in each of the five campaigns were: three C. ornatus Although the number of tagged crabs was limited by resource availability, it was regarded as adequate in relation to the objectives of the study and in the same sample size range of other crustacean telemetric studies (Wolcott, 1995; Freire and González-Gurriarán, 1998; González-Gurriarán et al., 2002) . Figure 1 shows the crabs localization points in Ensenada de la Vela during all field works. At the outset of the study, the individuals of Callinectes ornatus appeared in the vicinity of the quay, while the individuals of Arenaeus cribrarius were captured in an area that spread over a protracted strip from the beachfront at the creek up to a point between the fishermen harbor and the quay. The total area covered by the tracked crabs amounted to 608,339 m 2 , although search trips to locate crabs doubled that area (1,258,121 m 2 ). Crab movements showed two major trends: C. ornatus moved predominantly to the northeast of the cove, a sector where fishermen anchor their boats, whereas A. cribrarius moved westwards to the isthmus of the Península de Paraguaná (Fig. 1) . Sixty-seven percent of C. ornatus movements were in the direction of the fishermen area, and 33% westwards. On the other hand, only 24% of the displacements of A. cribrarius were towards the fishermen harbor, while 76% were directed to the western portion of Ensenada de La Vela. These trends differed significantly between species
Movement Patterns
Movements were registered every 12 hours, for a total of 194 fixes for C. ornatus and 177 for A. cribrarius. The movements of C. ornatus were significantly more extensive, with an average of 74.6 m (SE ¼ 6 .58), as compared to 56.6 m (SE ¼ 6.48) for A. cribrarius (Kruskal-Wallis test, H ¼ 14.9, d.f. ¼ 1, P , 0.05) (Fig. 2, Table 2 ). The longest distance traveled in 24 hours for C. ornatus was 690 m, while A. cribrarius moved up to 600 m. In a few cases, individuals of C. ornatus stayed in the same location for more that 24 hours, while A. cribrarius frequently remained up to 96 hours in the same geographical coordinates. Nevertheless, unexpected far-reaching movements were registered in most crabs. These abrupt excursions were carried out during relatively short periods of time (range: 12-36 hours). The movement rate or speed, calculated for each individual in meters per hour, averaged 6.1 m/h (SE ¼ 0.64) for C. ornatus and 5.7 m/hour (SE ¼ 1.4) for A. cribrarius (Table 2 ); these differences were not statistically significant (ANOVA, F ¼ 0.08, d.f. ¼ 1; P . 0.05).
In order to better understand the movements, the distances traveled every 12 hours were ranked according to their magnitude in: lesser (, 40 m), moderate (40 to 100 m), and long (. 100 m). For C. ornatus, the relative frequency of movements was 40, 40 and 20% respectively; while in A. cribrarius it was 58, 26 and 16%. These distributions differed significantly between the species (G-test, G ¼ 13.44, d.f. ¼ 2, P , 0.005). Callinectes ornatus had a greater frequency of moderate and long movements (60%) than A. cribrarius, while lesser movements prevailed in this latter species (42%). Slow movement rates or velocities averaged 1.58 m/hour for C. ornatus and 1.22 m/hour for A. cribrarius (between 0.00 and 2.55 for both), while moderate were 4.5 and 4.6 m/hour in the same order (range: 3.3-7.5), and fast 19.2 m/hour (range: 8.3-55.0) and 17.7 m/hour (range: 8.3-50.0), respectively. Correlation and linear regression analyses were used to determine if the distance traveled was related to crab size. For both species, size did not affect the movement rates, explaining 9% of the variation for C. ornatus (r ¼ À0.30, n ¼ 13, P . 0.05) and only 2% in A. cribrarius (r ¼ 0.14, n ¼ 11, P . 0.05). The mobility of juveniles and adults of A. cribrarius did not differ either
No diel differences in activity were found in C. ornatus, from which 95 daytime and 96 nighttime position records 
Home Range
Only crabs that were tracked for at least 150 h were used to determine home range. A total of 21 values were recorded (10 C. ornatus and 11 A. cribrarius) ( Table 2 ). The polygonal home range areas of C. ornatus were on average more than four times larger than of A. cribrarius (ANOVA, F ¼ 6.48, d.f. ¼ 1; P , 0.05) (Fig. 3) . Individuals of C. ornatus displayed one to three centers of activity apiece, while A. cribrarius had only one in most cases. The center of activity method showed that the activity radii for C.
In view that several crabs had more that one center of activity, each area was totalized per crab and compared between species (Table 2) . Thus, C. ornatus showed a significantly greater most frequented area (
Both methods, supported by the significant positive correlation between them (r ¼ 0.96, n ¼ 21, P , 0.05), indicate that C. ornatus had a larger home range than A. cribrarius. Nevertheless, no significant differences in the fraction of the home range which is more intensively used were found (ANOVA, F ¼ 3.43, d.f. ¼ 1; P . 0.05); C. ornatus had a mean of 0.40 (40%, SE ¼ 0.08), while A. cribrarius averaged 0.70 (70%, SE ¼ 0.13) ( Table 2) .
Correlation and linear regression analyses were used to determine if movement patterns and crab size were associated with home range size. The distance traveled by both species had a high significant positive effect on the home range, explaining 55% of C. ornatus polygonal area variability (r ¼ 0.74, n ¼ 9, P , 0.05) (Fig. 4A) , and 85% for A. cribrarius (r ¼ 0.92, n ¼ 11, P , 0.01) (Fig. 4B ). On the other hand, home range (polygonal area) and body size in C. ornatus were not significantly correlated (r¼0.51, n¼9, P . 0.05). Body size only explained 26% of the polygonal area variability. In the same way, A. cribrarius size was not significantly associated with home range size (r ¼À 0.40; n ¼ 11, P . 0.05), explaining only 16% of the variability.
Perpendicular Distance to the Coastline (Beachline Separation) and Depth A. cribrarius remained significantly closer to the coastline than C. ornatus ( Since a positive correlation existed between distance to the coastline and depth (r ¼ 0.69, n ¼ 367, P , 0.05) similar statistical patterns were found for depth. Arenaeus cribrarius locations were recorded in shallow depths of 0.3 to 2.5 m (Table 2B) (Table 2B ).
Sediments
Granulometric composition analyses were performed on the sediments of the habitats where seven C. ornatus, four adults and two juveniles of A. cribrarius appeared (81, 37 and 30 samples respectively). Overall, A. cribrarius was located in thicker sediments than C. ornatus. Four of the five grain fractions differed significantly between species (Table  3) . The coarse, medium and fine sand fractions were more abundant where A. cribrarius juveniles and adults were found, than in those locations where C. ornatus was present. In the latter species, the silt fraction prevailed over the other grain fractions.
There was a significant positive correlation between coastline separation and the proportion of silt in the sediment (r ¼ 0.61, n ¼ 148, P , 0.05), as well as a negative correlation between the very fine, fine and medium fractions (r ¼À0.18, À0.50 and À0.35, n ¼ 148, P , 0.05). The fine fractions of the sediments increased from the coastline towards offshore waters, until a point (. 70 m) in which the sediments became totally silty. The organic matter contents in the foreshore, midshore and open water bottoms (Table 4) 
Water Physicochemical Parameters
The five campaigns were grouped according to the season of the year in which they were carried out; i.e., drought (February and June) and rainy (October and November) ( Table 5 ). Significant differences were found in the water temperature between seasons (ANOVA, F ¼ 450.33, d.f. ¼ 1, P , 0.01), being colder during the drought than in the rainy season, with means of respectively 26.28C (range: 24.5-28.08C) and 28.08C (range: 26.0-30.08C). The salinity was higher in the dry season than in the rainy spell (F ¼ 389.46, d.f. ¼ 1, P , 0.01, n ¼ 391), with averages of 41.7& (range: 40-45&) and 38.3& (range: 36-42&) respectively. Likewise, mean dissolved oxygen concentration was higher in the dry months with an average of 7.1 ml/L (range: 6.0-8.5 ml/L), while in the rainy season it averaged 5.6 ml/L (range:
Due to the unequal number of animals by species evaluated in four of the five campaigns, and to the difference found in water parameters between seasons, only the physicochemical characteristics of the habitats used by A. cribrarius and C. ornatus in the November 2002 campaign (rainy season) were compared (Table 5) . No significant differences were found in temperature (Kruskal-Wallis test,
DISCUSSION
The data obtained in this study provide several insights into the ecology and ethology of Arenaeus cribrarius and Callinectes ornatus, specially regarding magnitude and structure of home range (sensu lato), centers of activity, movement patterns and speed. Additionally, to improve the understanding of zonation and habitat selection in these species and how they relate to movement patterns, various environmental variables, like sediment granulometric profile, depth, distance to the beach line and water physicochemical characteristics, were analyzed and related to the crabs' presence. Activity Patterns and Home Range Both species were highly mobile, but the distances traveled every 12 hours showed that C. ornatus was significantly more active than A. cribrarius. These displacements revealed a high degree of variability; their magnitude not only diverged between species, but also daily within a same individual. Callinectes ornatus and A. cribrarius displacements fluctuated between 0 and 690, and 0 and 600 m/day, respectively. These distances are slightly larger than those reported for a thoroughly studied swimming crab, C. sapidus, which travels between 0 to 569 m per day (Wolcott and Hines, 1990; Clark et al., 1999a) . These differences in displacements between C. sapidus and the species we studied probably arise from the fact that C. sapidus were molting juvenile males seeking adequate areas to undergo ecdysis, while all of our crabs were in intermolt and lived in the relatively homogenous submarine topography that prevails in La Vela, where no obstacles to displacements are present. The mean movement rates of C. ornatus and A. cribrarius were 6.1 and 5.7 m/hour, respectively, with ranges from 0 to 55 m/hour in both species. These values are also greater than the scope recorded by Clark et al. (1999a) for C. sapidus (0.8-36.2 m/hour). Other crustaceans, like the spinous spider crab (Maja squinado) and the American lobster (Homarus americanus), which barely move between 0.9-3.2 m/hour and 4.1-8.8 m/hour, respectively, are fairly sedentary as compared to swimming crabs, although H. americanus can journey up to 50 km during migrations (González-Gurriarán and Freire, 1994; Watson et al., 1999; González-Gurriarán et al., 2002) . The movements of the species studied in this work were not smooth. Crabs of both species moved in erratic spurts, remaining in the same area for several hours, and then rapidly moving to a new location up to 700 m away. This alternation of inert and volatile phases has also been observed in other decapods, including C. sapidus, M. squinado and H. americanus (González-Gurriarán and Freire, 1994; Clark et al., 1999a; Watson et al., 1999) . In particular, C. sapidus tends to stay and move slowly in areas where it feeds, but can move frequently among feeding zones to reduce conflicts with other individuals (Clark et al., 1999a) . When only a single food patch is available, crabs, due to overcrowding, interfere with each other's foraging activity by direct agonistic encounters (Clark et al., 1999a) . Thus, it is probable that some individuals would rather move to marginally-nutritious areas instead of settling in appealing-although highly competitive-spots, because the energy invested in displacements might be lower than the cost of agonistic encounters, which also can lead to the loss of limbs. Likewise, in our studied species, the shorter movements, as well as the existence of centers of activity, i.e., clusters of high-frequency positions, would reflect foraging activity once an edible resource was located, while the longer and moderate movements could be related to the continuous search for food patches. In several opportunities we observed that the far-reaching movements of most C. ornatus were headed towards the zone where fishermen, after anchoring their boats, cast large amounts of fish remains (viscera, fins, heads, etc.) overboard. It is likely that this anthropogenic activity provides attractive transient food patches to swimming crabs. As a result, high competitiveness levels might exist in this particular area, leading to the exclusion of some individuals of C. ornatus, which then moved to the western area of the cove, probably searching less populated and coveted patches. Diel cycles may also affect feeding rhythms and activity patterns of swimming crabs (Mantelatto and Fransozo, 1999) . C. sapidus carries out more extensive movements during daytime than nightly (Wolcott and Hines, 1990) . Also, A. cribrarius burrows into the bottom during the day and emerges at night (Fischer, 1978) . However, CarmonaSuárez and Conde (2002) found that diversity, abundance, body size and sex ratios of six species of swimming crabs sampled in La Vela did not vary during daily cycles. In this study, diel-related movement patterns were not observed. Since these waters are characterized by high turbidity and low levels of light, which fades beyond a depth of barely 10 cm, it is very likely that visibility does not play an important role in the behavior of these crustaceans and thus it is feasible to consider that 24-hour cycles do not have a significant impact on the movements of A. cribrarius and C. ornatus.
Even though home range is not a paradigmatic characteristic in swimming crab biology, we decided to compute the home range sizes (sensu lato) of A. cribrarius and C. ornatus, in order to obtain a better understanding and a quantification of the magnitude of their movements. Callinectes ornatus had a substantially larger home range than A. cribrarius. This difference may arise from the fact that A. cribrarius by and large remains for extended periods at a single location or center of activity, moving along a narrow littoral strip, but not raiding more distant or deeper areas. On the other hand, the individuals of C. ornatus had a larger home range that embodied one to three heavily used zones interconnected by wide-ranging displacements. However, even though the size of individual high-frequency clusters of C. ornatus and A. cribrarius did not show significant differences, the total area of the centers of activity of a single individual of C. ornatus was greater than the total area for A. cribrarius. Overall, both species used heavily about half of their home range.
Zonation and Habitat Selection Although our results support the general notion that A. cribrarius lives at the littoral zone of sandy beaches with high-energy waves (Fischer, 1978; Williams, 1984; CarmonaSuárez and Conde, 2002) , we report more accurate zonation limits to previous broad descriptions and also document a slight habitat interpenetration, specially by adults of A. cribrarius. The zones selected by both species were clearly different: A. cribrarius preferred the beach margin, while C. ornatus was common in more distant/deeper waters. Despite A. cribrarius always appearing close to the beach line, some ontogenetic differences were observed. Adults of this species oftentimes moved towards more remote zones, reaching up to 90 m off the shoreline, but eventually returning to the coastal fringe, while juveniles spent most of the time between 0 and 10 m from the sea margin, occasionally reaching areas 30 m afar. The need for protection from predation in juvenile and molting C. sapidus lead them to specific substrates (Wolcott and Hines, 1990) . Similarly, the surf zone might be the safest area for small juvenile A. cribrarius, because no other refuges, such as seagrass meadows, algal patches or rocky bottoms exist in La Vela. In contrast, C. ornatus covered farther areas (up to 285 m offshore), staying mostly between 40 and 100 m off the shoreline with sporadic approaches to the foreshore, but never reaching the beach border. This pattern partially explains the lack of individuals of this species in the littoral band of Ensenada de La Vela during the study undertaken by Carmona-Suárez and Conde (2002) and in other localities (Norse and Estevez, 1977; Norse, 1977 Norse, , 1978 Negreiros-Fransozo et al., 1999; Mantelatto, 2000) .
Distribution and guild zonation of swimming crabs have been attributed to a number of factors. In spite of seasonal differences in the physicochemical parameters of the water in Ensenada de La Vela, this inlet provided a stable environment, where temperature, salinity and dissolved oxygen did not vary spatially. Hence, it is not possible to elucidate the differences in distribution and habitat selection by these species based on the physicochemical characteristics of the water, and so other environmental factors should be pondered to explain these patterns. Swimming crabs ingest sediments and, as many sedimentivorous organisms, might eventually profit from the interstitial biota and organic matter linked to the grains surface (Warner, 1977; Conde, 1997) . Thus, granulometric profiles might affect the presence of crabs (Arnold, 1984; González-Gurriarán and Olaso, 1987; Mantelatto, 2000) . Great amounts of sediments have been found in the stomachs of A. cribrarius from Ensenada de La Vela (Carmona-Suárez and Conde, 2005) and also in individuals of C. ornatus from Ubatuba Bay (Mantelatto and Christofeletti, 2001) and La Vela (Carlos Carmona-Suárez, unpublished data), but substantial differences were observed in the species under study. In La Vela A. cribrarius was located in areas with sandy substrates, in which the silty fraction was absent or in very low proportions; unlike C. ornatus, which was found on sediments where the silty fractions prevailed, although it was present on bottoms with a wide granulometric variability. Thus, sediment structure could be one of the driving forces in the zonation of theses species. Our results on C. ornatus partially agree with those reported by several authors, who characterize it as a species that lives in bottoms with sands of any grain size, although it prefers clays (Mantelatto and Christofoletti, 2001; Mantelatto and Fransozo, 1999; Reigada and Negreiros-Fransozo, 2001 ). However, the findings regarding A. cribrarius contradict those observed in Ensenada da Fortaleza (Brazil), where this species is associated with sediments constituted by the finest fractions, including silt-clays (Pinheiro et al., 1996) .
Although these species have shown a definite association with sediments, which plausibly translates into idiosyncratic occupation, it is important to consider that the sediments from La Vela were poor in organic matter and the water is oligotrophic. Thus, other elements possibly mediate in zoning them, such as belligerant interspecific encounters and morphological and physiological adaptations. Our observations hint that C. ornatus is more aggressive than A. cribrarius, thus the hostile ambiance at succulent food patches could be an important factor in the exclusion of the latter species towards the foreshore; a zone where they proliferate (Fischer, 1978; Williams, 1984; Carmona-Suárez and Conde, 2002) . Arenaeus cribrarius has some traits that enable it to maintain arduous activities in the breaker zone, as well as to easily burrow in the bottom when waves roll. Chelipeds and a heavy coat of setae on each side of the mouthparts keep out sand when it is within the sediment (Pearse et al., 1942) and it also has a large respiratory surface that allows it to sustain strenuous activities for long periods (Gray, 1957) . These features assist A. cribrarius in living in a harsh environment, where C. ornatus probably cannot thrive, and could contribute to explain their zonation in La Vela.
